Introduction
Fisheries are becoming a central focus for the management of renewable resources (Weber and Reveret 1993; Botsford et al . 1997; Kaiser 2000) and both marine and terrestrial ecologists intend to actively play key roles in identifying the problems, defining the new objectives and informing the general public (Bazzaz et al . 1998) . Concerns are growing both with the collapse of major fish resources and with the effects of fishing on the ecosystem as they are addressed and quantified, and become conspicuous (FAO 1999; ICES 2000; Pauly et al . 2000) . A new dimension is also added to local and regional problems as species extinction becomes a global concern for the marine environment (Roberts and Hawkins 1999) . The literature addressing the global fisheries crisis and considering potential remedies is growing at an impressive rate (e.g. FAO 1995a,b; Holling 1995; Safina 1995; Roberts 1997; Pitcher and Pauly 1998; Schmidt 1998; Lefur et al . 1999; Cochrane 2000; Pitcher 2000) . According to Pauly (1997) , pillage seems to be a major and frequent mode of interaction between humans and natural resources, and fisheries scientists are identified as having a poor record for applying their insights to fisheries management (Roberts 1997) . Everyone agrees that a different approach to fisheries management is required and new solutions are needed, but conflicting voices are heard when alternative strategies are considered (Spurgeon 1997) . Gone are the days when bad news for fish was good news for the fisheries science budget (Haggan 1998; Reichhardt 1998) . At present, fisheries management and fisheries research are at a turning point in their (fairly recent) joint history and we should carefully consider the implications of the new perspectives that are currently debated.
In this speculative and intentionally provocative article, we discuss the existing link between populations of wild marine species and food-security for humans, and examine the current approaches to managing fisheries in view of their potential longterm implications.
Fishing in troubled waters
Marine fisheries, which constitute the last major world industry exploiting wild natural animal resources, have reached many ecological (Buckworth 1998) social and economic limits (Cochrane 2000) . According to the FAO (2000, www.fao.org) , approximately 75% of marine fish resources are overexploited, fully exploited or depleted, and conventional fishery management is in certain cases driving ecosystems to persistent degraded states (Charles 1998) . Pitcher (2000) argues that three insidious ratchet-like effects compromise fisheries: (i) harvesting as a selective process and the subsequent difficulty in restoring stocks that are becoming less resilient, (ii) the ecological reference points that are shifting with each generation of scientists as earlier abundance of fish populations is regarded as anecdotal, and (iii) economic factors associated with overcapitalisation that generate further investment and an increasing fishing effort. Widely recognised and discussed, these problems occur in four areas (Cochrane 2000) : a biological crisis related to overexploitation, an ecological crisis associated with the ecosystem effects of fishing, an economic crisis linked to overcapitalisation and a social crisis resulting in job losses. Another dimension can be added to this dark tableau: the human perception of fisheries as a wasteful and destructive activity. As stated by Ryman et al . (1995) , "the accepted policy of killing first and subsequently deciding whether or not you want what you got is analogous, for instance, to hunting mammals or birds of a particular area by means of bombing or poisoning-a practice that would universally be considered unthinkable, but that is conceptually accepted for fishes". Consequently today's by-catch problem creates obvious controversies in relation to many important conservation issues (Ryman et al . 1995) . Most fishing gear are unselective and in most cases fisheries have extreme difficulties in targeting particular fish species without damaging other fish, marine bird or marine mammal species. Alverson et al . (1994) estimated the amount of fish discarded each year by commercial fisheries-about 27 million tonnes; while the most recent FAO estimate is approximately 20 million tonnes, which is still equivalent to 25% of the reported annual production from marine fisheries. As noted by Alverson (1999) , it appears that quick solutions to the by-catch problem are unlikely and that social and cultural attitudes towards marine resources will most likely guide international discard policies.
Fishing exerts strong effects upon natural ecosystems (ICES 2000) that could lead to important and irreversible changes to their structure and functioning (Gislason et al . 2000) . Although marine ecosystems appear to have resilience capabilities, drastic changes within those ecosystems have been observed and many more are to be expected, even for the least expected group, the pelagic ecosystems (Cury et al . 2000) . In certain cases the actual exploitation of marine resources has led to species extinction (Casey and Myers 1998; Roberts and Hawkins 1999) , loss of genetic diversity (Smith et al . 1991; Lutchman 1992; Ryman et al . 1995) , widespread local extinctions and lack of resilience of exploited populations (Sinclair et al . 1985; Cury and Anneville 1998) as well as habitat destruction (Hall 1999) .
Rare cases of good news for fisheries that are published, and which might provide cause for optimism, are quickly dismissed when more information becomes available. In 1995 many fish stocks were assumed to have collapsed because of overfishing (Myers et al . 1995) , leading to the conclusion that fish stocks would recover once fishing effort was stopped, as they were considered highly resilient. A recent study reveals that most fish stocks show very little evidence for rapid recovery from prolonged declines (Hutchings 2000) .
The state of the fisheries after almost a century of intense activity reflects the relationship between Nature, which is generous, and ever-demanding human needs. Nowadays fisheries are fishing in troubled waters and good news is just too rare for things to continue as they are now. Everyone recognises that something must be done.
A pressing need for 'modernising' fisheries and fisheries research
Fisheries are entering a new and decisive time. Owing to the phenomenal development of world exchange mechanisms, fishing is no longer an activity of local societies aimed at responding to their immediate food needs (Cayré, 2000) . It has become largely dominated by economics and concerns about earnings. Projections of world fishery production made by the FAO for 2010 range from a pessimistic scenario of 74 million tonnes of fish being available for human consumption to an optimistic scenario of 114 million tonnes. Most of the expected increase in fish production would have to come from aquaculture and would depend on the effectiveness of fisheries management. In the current situation of continued overfishing, there would be a substantial decline from the present global catch level. We must change fishing practices and substantially reduce fishing effort. There are many possible avenues through which solutions may be sought. Regulating fishing activity according to the MSY (maximum sustainable yield) has been a constant major concern for fisheries since the 1950s (Beverton and Holt 1957) . However, only two decades later, Larkin (1977) published an epitaph for the concept of maximum sustained yield. In 1993, reviewing failure and success in fishery management, Rosenberg et al . (1993) concluded that the problems faced in achieving sustainable resource use are challenging but not insurmountable. Fifteen years later, Pitcher and Pauly (1998) considered sustainability as a "deceptive goal" and argued that rebuilding and restoring ecosystems should be the over-riding goal of new fisheries management approaches. As in the case of terrestrial ecosystems, it is apparently well worth considering historical-ecological information in natural resource management (Gaston 1996) . However, Pauly (1995) argued that we have little idea of the full extent to which fisheries have reduced populations of marine species, because we have no proper baseline against which to judge declines.
In his ecological advice regarding the global fisheries crisis, Roberts (1997) recognised that fisheries science had contributed important theoretical advances but that despite this, it had a poor record in realworld fisheries management. According to Roberts, the solution lies in the beneficial effects of MPAs (marine protected areas). Certainly MPAs have the potential to play a very valuable role in many ecosystems when used in conjunction with other appropriate management tools. However, Roberts complained that "despite an impressive theoretical underpinning and a rapidly expanding body of evidence supporting the benefits of reserves, there is still enormous resistance to their implementation. People almost reflexively oppose restrictions on what they can do on the global common. Critics often argue that other alternatives should be exhausted before setting up reserves."
Recently certain big corporations dealing in fish marketing and certain NGOs have realised that it should be possible to regulate fisheries through the control of the fish market. WWF and the Unilever Corporation have taken a first step by launching the Marine Stewardship Council, as an instrument for bringing market forces and the power of consumer choice to bear in favour of sustainable, well-managed fisheries (Sutton 1998; www.msc.org) . Advertisements have recently been published in major magazines (e.g. in Time and Fortune , both in March 2000) to urge governments and businesses to protect our seas and calling on consumers to buy only seafood coming from sustainably managed fisheries. The FAO work programme planned for 2001 includes both increasing support for, and increasing concern about, ecolabelling of products from natural resources. However, most scientists have been slow to define clear and operational ecosystem indices that can be used in fisheries management. The evaluation of several ecosystem services, as a basis for the decisions we make as a society about ecosystems, was tentatively performed by Costanza et al . (1997) . This study clarified the points that (i) services provided by marine ecosystems represent an important portion of their total contribution to human welfare and (ii) adequate weight in the decision-making process must be given to the natural capital stock that produces these services. The FAO's Code of Conduct for Responsible Fisheries and its Precautionary Approach to Fisheries are designed to promote sustainable, well-managed fisheries that respect ecosystems and the environment as a whole (www.fao.org). The objectives appear to be very close to earlier ones. However, a dimension is added that states that an absence of perfect knowledge is not an excuse for doing nothing. Thus, scientific knowledge is recognised as one means, amongst others, to manage fisheries. Moreover, an important dimension is added which attempts to reconcile fisheries and exploited resources-this is not to reject fishers but rather to make them responsible in their exploitation of renewable resources.
The above initiatives, ideas or new avenues look promising for fisheries management. However, strong tensions are emerging (Bazzaz et al . 1998) . A growing debate over how far environmental scientists should go in interpreting their findings for policy-makers is taking place (Kaiser 2000) . For example, scientists from Drexel University in Philadelphia and the CMC (Center for Marine Conservation) found that the leatherback turtle is on the verge of extinction in the Pacific (Spotila et al . 2000) . NMFS (National Marine Fisheries Service), the US agency responsible for conserving and managing marine resources, recently recognised the Hawaiian longline fishing as the main threat to the recovery of the leatherbacks under its control but it continued to permit additional accidental captures. Researchers took the US Government to court. As a result, the judge ruled that NMFS had violated the National Environmental Policy Act and closed the fishery until the study is completed (Loder 2000) . This may be the first example on a developing list.
Déjà vu?
Slightly more than 10 000 years ago, virtually all humans lived on wild foods, whereas 2000 years ago, the overwhelming majority of people relied on farming. In the four-million-year history of Homo sapiens , the spread of agriculture was accomplished in about 8000 years, producing a profound economic transition (Cohen 1977) . Change in any human activity is the result of complex decisions and processes (Sherratt 1997) . The evolution of humankind's changing way of life, from hunter-gatherer to sedentary agriculturalist, is an intricate one. However, the long-term relationship between humans and renewable resources is quite striking. By 11 000 years ago, nearly all of the big animals, i.e. 70 species or 95% of the megafauna, had disappeared completely. This was closely associated with the colonisation of North America by humans, whose arrival and skill as hunters are documented by the artefacts they left. The 'overkill' theory, as opposed to climate change, disease and other possible causes (Alroy 1999) , has been used to explain the disappearance of many large mammal species. To counter uncertainty in food supplies and meet ever-increasing human food requirements, agriculture has thoroughly modified terrestrial habitats. Hunting, an uncertain way of collecting food, is no longer a primary survival activity, but a secondary and most often a recreational one.
Scenario for the year 2021 (from a report written in 2051)
We were privileged to get a glimpse of a report from a mid-21st century group of scientists under the leadership of Professor Dupin [a fictitious person inspired by the novel La Grande Implosion written in 1995 by Professor Pierre Thuillier; see Fig. 1 ]. In 2051, this group analysed the factors that led fisheries, the sole remaining major world industry exploiting wild animal resources, to follow a similar history to that of hunting. The group examined in detail the available information and the tentative initiatives that were made at the beginning of the 2000s. We extract here some of the main conclusions from the voluminous report. Professor Dupin noted that "Many innovative propositions were developed in the context of intense conflicts regarding marine renewable resources.… The same recurrent problems were put forward to explain the failure of this important human activity: overexploitation, overcapitalisation, demography and increasing demand for marine products, lack of precautionary attitudes toward renewable resources, inefficient and inappropriate Institutions in charge of fisheries management, and climate change.…" Marine ecological systems, which were believed to be resilient, were finally exhausted and growing aquaculture activity did not relieve pressure on ocean fisheries (this was anticipated by Holmes 1996 and Naylor et al . 2000) . At one time, aquaculture was supposed to replace fisheries (the so-called 'blue revolution'), but it did not fulfil its objective in the context of competing activities in the coastal domain. As a result, global world fishery production declined substantially at the beginning of the 2000s and most fish populations slipped into depleted states. This followed a general and more or less expected trend. The group of experts recognised that people seemed to be aware of the problems but things were so complex and intricate that it was difficult to react properly in conflicting situations. No clear and recognised longterm objective emerged that could match short-term constraints. Fisheries science did play a fairly marginal but active role in the debate, but failed to produce clear objectives for management and dissipated its energy in conflict with NGOs and conservation agencies. At the beginning of the 2000s, fish were treated like other commodities, and trading between developed and developing countries operated at a purely commercial level. The price of fish increased markedly compared with that of other protein sources, and fish became a luxury item consumed almost entirely in developed countries. One of the first documented examples was that of cod: at one time a simple and inexpensive traditional dish, it later became a main course served in three-star French restaurants [recipes can be found in Kurlansky (1999) ]. As a consequence, several developing countries which used to live on fish proteins consigned all their highvalued fish to export markets. Economic development for those countries meant eating what was left and accessible, i.e. sardines, anchovies and similar small pelagic fishes.
Access rights became very prominent in all human exchanges at the beginning of the 2000s [as anticipated by Weber (1992) and Rifkin (2000) ] and this contributed to making certification, i.e. regulation of the right to sell fish, a common procedure. Ecolabelling became widespread, but the criteria used were a source of commercial conflicts between countries. Moreover, they were poorly defined scientifically and did not reflect ecosystem concerns. As a result, this practice did not really promote sustainable fisheries. Scientists had long believed in the resilience of fish populations, but Nature had different plans (Fig. 2) . In time, there was recognition of self-sustaining populations and of strong ecosystem effects of fishing, but this did not prevent depletion and irreversibility. Experts seriously questioned man's ability to preserve his last and unique relationship with renewable wild resources. They noted that "as in many other human activities, technological improvements far outpaced scientific capabilities for predicting ecological changes". Professor Dupin concluded that humans had all the solutions available, but not the appropriate questions. The gap between human activities and Nature's response grew. The report also says "we all know how the young generations in the 2020s openly condemned previous irresponsible attitudes towards renewable resources" and points to "a lack of consideration by previous generations". At the end of his report Professor Dupin drew an analogy between hunting, which became a secondary activity 2000 years ago, and marine fishing, which did the same in 2021. This was not in any way deliberate or planned but merely the result of contradictions, conflicts, misunderstandings and the absence of a long-term 'contract' between humans and Nature.
All in the same 'fishing' boat!
Coming back to present time, we are in year 2001 and the earth's 'wild' natural resources are progressively diminishing to such an extent that it is now considered a global issue for humankind. The magnitude of these transformations demonstrates that humanity is a planetary force, and perhaps one that is out of control (Holling 1995) . Nevertheless we are entering, according to Wilson (1998) "a new era of existentialism where unified learning, universally shared, makes accurate foresight and wise choice possible". A new context may be emerging from these entangled and difficult relationships between Nature and humankind (Latour 1996) . We are not errant children or children of Nature, but we must learn how to be responsible, adaptive and precautionary when exploiting renewable resources. An honest and open effort to reintegrate the human realities (social, economic) and natural sciences has the potential to bring definition and meaning to achieving sustainable and ethical relationships with Nature (Bradshaw and Bekoff 2000) . Consilience and reconciliation are terms that have recently been used in many texts treating science in general (Wilson 1998) and fisheries science in particular (Cochrane 2000) . We need to reconcile humans and their environment in a way that is amenable both to our human activities and to social and economic constraints (Cochrane 2000) . The perception of a seamless web of cause and effect is needed for uniting the disparate facts of the scientific disciplines in a framework of consilience (Wilson 1998) . Scientific research must play an important role in addressing these questions and this should be viewed as a new opportunity to develop a more appropriate conceptual basis for the exploitation of marine resources. This can bring some good news for fisheries and fisheries research; it is possible to define new ecosystem objectives and indicators for fisheries management (FAO 1999; Gislason et al . 2000) , to define a framework for "responsible fisheries in marine ecosystems" (Cochrane 2000; Garcia and Staples 2000) and to restore and sustain a depleted marine resources using an adequate framework that incorporates a precautionary management approach (Perry et al . 2001) .
Preserving our natural environment is an objective that must be pursued in collaboration with fishers, not without them. It is vital that exploitation of renewable resources respects marine diversity and ecosystem functioning. Accordingly, we must direct our efforts, as scientists, toward defining clear and operational indicators and reference points. This represents a paradigm shift in which the ecosystem level should be viewed as an integrative level for ecological studies and management (ICES 2000; Pitcher 2000; Pitcher 2001 ). The FAO 'Reykjavik' conference (October 2001) constitutes an important step towards ensuring responsible fisheries that are in harmony with the environment. Will we be able to initiate a "human and wild food reconciliation" revolution? Huxley (1824 Huxley ( -1895 , a Victorian biologist and secular thinker who coined the word agnostic and gave vociferous public support to Charles Darwin's evolutionary theory (he was known as 'Darwin's bulldog'). Huxley is often quoted out of context as saying that the 'great sea fisheries are surely inexhaustible' whereas, in fact, he went on to document serious depletion and chaired several commissions set up to investigate overfishing. He would, however, have been truly astounded at the complete demise of fisheries by 2021.
